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(54) ENGINE CONTROL SYSTEM AND CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reconcile ignitability and torque 
controllability by sequentially performing a first injection for controlling the 
initial combustion speed before ignition and performing a second injection 
for controlling engine torque to increase the engine torque and enlarge a 
second injection ratio in a cylinder injection engine having a compression 
ignition mode. 

SOLUTION: By a controller 12, a fuel injection quantity is calculated 
according to a target engine torque and an engine rotating speed, and an 
intake compression injection ration (first and second injection ratio) is 
decided to control the intake injection and compression injection from a 
fuel injection valve 1. When the torque fluctuation is an allowable value or 
more, the intake injection ratio is increased to promote the generation of 
a radical. When knocking is caused, the intake injection ratio is decreased, 
and variable valves 40, 41 are controlled through a variable valve driving 
circuit 30 to reach a target EGR, thereby controlling the internal EGR. 
External EGR is used for a portion unsatisfied by the internal EGR. 
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CLAIMS 



[Claim(s)] 

[Claim 1] 2nd injection means for engine-torque control to inject in the cylinder-injection-of-fuel engine which has 
compression-ignition mode injection and 1st after that for the initial rate-of-combustion control before ignition - 
having - increase of an engine torque ~ the engine-torque control engine control system characterized by making 
[ many ] the 2nd fuel-injection ratio of business 

[Claim 2] The engine control system characterized by performing the 2nd injection during the 1st after [ injection ] 
cool flame (radical) generating in a claim 1 . 

[Claim 3] The engine control system characterized by detecting cool flame (radical) generating by the cylinder internal 
pressure sensor, the ion current, and the radical sensor in a claim 2. 

[Claim 4] The engine control system characterized by adding an ignition trigger by the ignition trigger control after the 
1st [ for initial rate-of-combustion control ] injection, and performing 2nd injection for torque controls after that in the 
cylinder-injection-of-fuel engine which has compression-ignition mode. 

[Claim 5] homogeneous [ as an ignition trigger means ] in a claim 4 « a gaseous mixture - the engine control system 
characterized by forming a rich spot in inside 

[Claim 6] The engine control system characterized by raising the temperature of a gaseous mixture with a microtron, 
laser, an ignition plug, EGR, or a compression ratio as an ignition trigger means in a claim 4. 

[Claim 7] The engine control system characterized by choosing the resonance frequency of the principal component of 
a gasoline as frequency of a microtron in a claim 6. 

[Claim 8] The engine control system characterized by adjusting the inhalation of air of an engine, and the timing of an 
exhaust air bulb in a claim 6 so that the load of an engine becomes large, and an internal EGR may be made [ many ]. 
[Claim 9] as homogeneous [ SUTOIKI and ] in a claim 6, as an air-fuel ratio, when the load of an engine becomes still 
larger - the engine control system characterized by forming only a gaseous mixture and changing to the jump-spark- 
ignition combustion by the ignition plug 

[Claim 10] The engine control system which performs multiple-times electric discharge by the capacity component 
with an ignition plug, is made to excite premixed air in compression-ignition mode in a claim 6, and is characterized by 
performing electric discharge which contains an inductive discharge component in jump-spark-ignition mode as an 
ignition trigger. 

[Claim 11] The engine control system characterized by controlling a cool flame generating stage by fuel injection 
timing, and controlling a thermal flame generating stage in a claim 4 to become the minimum mpg. 
[Claim 12] The engine control system characterized by adding an ignition trigger by the ignition trigger control after 
the 1st [ for initial rate-of-combustion control ] injection in the cylinder-injection-of-fuel engine which has 
compression-ignition mode. 

[Claim 13] homogeneous [ as an ignition trigger means ] in a claim 12 - a gaseous mixture - the engine control 
system characterized by forming a rich spot in inside 

[Claim 14] The engine control system characterized by raising the temperature of a gaseous mixture with a microtron, 
laser, an ignition plug, EGR, or a compression ratio as an ignition trigger means in a claim 12. 
[Claim 15] The engine control system characterized by choosing the resonance frequency of the principal component 
of a gasoline as frequency of a microtron in a claim 14. 

[Claim 16] The engine control system characterized by adjusting the inhalation of air of an engine, and the timing of an 
exhaust air bulb in a claim 14 so that the load of an engine becomes large, and an internal EGR may be made [ many ]. 
[Claim 17] The engine control system characterized by adjusting the inhalation of air of an engine, and the timing of an 
exhaust air bulb in a claim 14 so that the load of an engine becomes large, and an internal EGR may be made [ many ]. 
[Claim 18] as homogeneous [ SUTOIKI and ] in a claim 14, as an air-fuel ratio, when the load of an engine becomes 
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large - the engine control system characterized by forming only a gaseous mixture and changing to the jump-spark- 
ignition combustion by the ignition plug 

[Claim 19] The engine control system which performs multiple-times electric discharge by the capacity component 
with an ignition plug, is made to excite premixed air in compression-ignition mode in a claim 14, and is characterized 
by performing electric discharge which contains an inductive discharge component in jump-spark-ignition mode as an 
ignition trigger. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the engine control system of a 

compression-ignition formula about the control system of an engine. 

[0002] 

[Description of the Prior Art] As an effective means to aim at improvement in efficiency of an engine, there is a RIN 
barn which burns a thin gaseous mixture. Since more air is inhaled in an engine even when operating with the same 
torque by making it a RIN bam, pumping loss decreases. In the gasoline engine used widely now, with an ignition 
plug, a gaseous mixture is lit and flame propagation is carried out. However, in a gaseous mixture with a thin air-fuel 
ratio' 40 etc., it will be hard to carry out ignition and combustion will become unstable. Therefore, fuel is injected in the 
cylinder of a direct engine and a gaseous mixture is brought together in the circumference of an ignition plug 
(stratification-izing), and ignitability can be secured and it is used for the engine for automobiles by ****** With such 
a cylinder-injection-of-fiiel engine, since fuel is injected within a cylinder with the improvement in mpg, the 
temperature of inhalation air falls by evaporation of fuel, air density becomes high, and there is also a merit which can 
improve a charging efficiency. However, since the gaseous mixture is centralized on the circumference of an ignition 
plug, combustion temperature becomes high and the technical problem that NOx tends to increase occurs, 
homogeneous ~ since elevation of combustion temperature can be suppressed, although NOx can be made low, 
ignition and flame propagation are unstable and the improvement cost in mpg is [ about 23 operation ] also only 15% 
in the RIN bam in a gaseous mixture in a limit about an air-fiiel ratio 

[0003] Then, in JP,9-287527,A, a uniform gaseous mixture is formed in a cylinder by suction-port injection, and the 
lean mixture is burned by the compression ignition. Since it is not based on jump spark ignition but a compression 
ignition is performed, it could light from much ignition charcoal, and flame propagation distance is also short and 
reservation of ignitionability and rapid combustion have been realized, uniform ~ since it is a gaseous mixture, sharp 
reduction of NOx is possible 
[0004] 

[Problem(s) to be Solved by the Invention] However, at the time of torque increase, a firing pressure becomes high 
quickly (when there is much fuel quantity), and the technical problem that an operating range -- knocking takes place - 
is narrow occurs. That is, since it does not have a compulsive ignition means like jump spark ignition, control of 
ignition is difficult. Although making combustion late by Exterior EGR and carrying out or controlling ignitionability 
by control of an intake-air temperature are indicated, Exterior EGR and the responsibility of intake-air-temperature 
control are late, and flattery is difficult when an engine torque like an automobile changes. 
[0005] in the engine which has compression-ignition mode, the 1st purpose of this invention enables ignitionability 
control by the latus operating range by fuel injection, and is homogeneous ~ it is a gaseous mixture's performing a 
super-RIN bam and offering low NOx and the system which can carry out improvement in mpg The 2nd purpose is 
improving an ignition controllability by the ignition trigger means. 
[0006] " 

[Means for Solving the Problem] In order to attain the 1st above-mentioned purpose, in the cyhnder-injection-of-fuel 
engine which has compression-ignition mode, it can have a means to carry out 2nd injection to the initial rate-of- 
combustion control before ignition the 1st injection and for subsequent engine-torque control, and can be compatible in 
ignitionability and a torque controllability by making [ many ] the 2nd injection ratio for engine-torque control with 
increase of an engine torque. 

[0007] In the cylinder-injection-of-fuel engine which has compression-ignition mode, the 2nd purpose is equipped with 
an ignition trigger means, and improves an ignition controllability by adding an ignition trigger by the ignition trigger 
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means after the 1st injection. As an ignition trigger means, the temperature of a gaseous mixture is raised with either or 
combination, such as a microtron, laser, an ignition plug, EGR, and a compression ratio, moreover, uniform - the 
gaseous mixture which is easy to light is formed, such as preparing a rich spot in a gaseous mixture 
[0008] 

[Embodiments of the Invention] The example of this invention is explained based on a drawing. 
[0009] The composition of this invention is shown in drawing JL . Air is inhaled to an engine 13 through the air-content 
detection sensor 7, a throttle valve 10, an inlet pipe 11, and an inlet valve 16. An air content is controllable by changing 
the opening of a throttle valve 10, and the opening of an inlet valve 16. An air content is measured by the air-content 
detection sensor 7. The inlet-pipe internal pressure sensor 31 and the cylinder internal pressure sensor 42 detect the 
pressure in an inlet pipe and a cylinder if needed, respectively, an inlet valve - for example, electromagnetism ~ by 
impressing voltage from the drive circuit 30 to SARENOIDO 18 and 19, moving part 22 moves by operation of 
electromagnetic force, and the operation with the same said of the exhaust valve 17 in which the inlet valve 16 
connected with it carries out switching action is carried out The cam method driven with an engine and the method 
which drives a valve with oil pressure are sufficient as inhalation of air and an exhaust valve. However, in order to 
control the internal EGR of an engine, and a compression ratio, it is desirable to change the overlap of inhalation of air 
and an exhaust valve. Fuel is supplied in a cylinder from the injector 1 which can inject direct fuel. An injector is 
driven by the drive circuit 32. You may make a drive circuit build in a control unit 12. Switching action of the throttle 
valve is carried out by the motor 9, and the opening is detected by the throttle sensor 8. The accelerator opening alpha 
is detected by the accelerator opening sensor (not shown), and an induction-exhaust valve is controlled based on an 
accelerator opening sensor signal at least. You may also build the circuit for throttle valve control in a control unit 12. 
A control unit 12 controls a throttle valve, an induction-exhaust valve, etc. based on the signal of the above-mentioned 
sensor. The rotation sensor 34 and the rotation sensor pickup 33 which were prepared in the crankshaft of an engine 
detect rotation change of an engine. In order to control EGR, the EGR valve 80 is formed. A catalyst 35 is formed in an 
exhaust pipe. A catalyst prepares a catalyst function and the NOx purification function of 3 yuan. Since it is that low 
NOx-ization can be attained by the compression ignition, that degradation with sulfur is strong in fuel, and that a rich 
spike is unnecessary as a NOx catalyst, a reaction type catalyst is desirable. However, the sulfur concentration in fuel 
may use the high adsorbed type or high occlusion type catalyst of the transformation efficiency of NOx for a low case 
etc. 

[0010] The composition of the conventional jump-spark-ignition formula cylinder-injection-of-fuel engine is shown in 
drawing 2 . The injected fuel which is injected directly into a fuel cylinder from an injector 1 is held and guided by the 
cavity (impression) prepared in the piston, and is centralized around an ignition plug 51 . By such composition, since a 
gaseous mixture can also bring a gaseous mixture together in the circumference of an ignition plug while thin, a bird 
clapper does not have ignition and flame propagation unstably. However, by centralization of a gaseous mixture, since 
the gaseous mixture of the burning portion serves as concentration near SUTOIKI, combustion temperature is high and 
the discharge of NOx tends to increase. 

[001 1] The NOx eccrisis property of a cylinder-injection-of-fuel engine is shown in d r a w ing 3 . An air- fuel ratio is 
shown in a horizontal axis, and a NOx discharge is shown in a vertical axis. When not adding EGR, eccrisis of NOx is 
increasing with about 25 air- fuel ratio. This is for according to centralization of a gaseous mixture, uniform - although 
the peak of NOx is in the 16 to air- fuel ratio 17 neighborhood in a gaseous mixture, it is because it becomes a more 
rich gaseous mixture in the circumference of an ignition plug by centralization of a gaseous mixture although it is 25 as 
the whole in cylinder injection of fuel By adding EGR, combustion temperature falls and NOx can be made small. 
Although a NOx discharge can be reduced with combination with a catalyst also at a catalyst outlet, it is necessary to 
lessen NOx eccrisis discharged from an engine for much more NOx eccrisis reduction. 

[0012] The conventional cylinder injection of fuel and comparison of a compression-ignition system are shown in 
drawing 4 . In cylinder injection of fuel, in performing a RIN barn, it injects fuel by the compression stroke, and a 
gaseous mixture is centralized by the circumference of an ignition plug. From an ignition plug, the gaseous mixture 
made to centralize is lit and is burned. As mentioned above, by centralization of a gaseous mixture, combustion 
temperature becomes high and NOx tends to become high. On the other hand, in a compression ignition, fuel is 
injected by the intake stroke and a uniform gaseous mixture is formed in a cylinder, uniform — a gaseous mixture is 
activated by the heat of compression in a compression stroke, and will be in the state of being easy to light, and cool 
flames (CO, CH, radical, etc.) will produce it Then, whole surface simultaneous ignition (thermal flame) arises, 
uniform — since it is a super-RIN barn in a gaseous mixture, combustion temperature is low and low NOx combustion 
can be realized 

[0013] However, the range of the air-fuel ratio which can be operated stably, i.e., the range of torque, is narrow. When 
an air- fuel ratio is large, the cool flame from premixed air is inadequate, and it is easy to become an ignition miss, and 
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HC increases. On the other hand, in the field where an air-fuel ratio is small, there are many cool flames from 
premixed air, and since cylinder internal pressure rises rapidly, knocking tends to take place. For this reason, although 
eccrisis of NOx is low, the rate of mpg is low and a field is narrow. Conventionally, combustion was made slow by 
Exterior EGR and raising an intake-air temperature for the ignition miss by the side of a thin air-fuel ratio and 
knocking by the side of rich were coped with. Exterior EGR and the responsibility of intake-air-temperature control are 
late, and flattery is difficult when an engine torque like an automobile changes. 

[0014] Operation of this invention is shown in drawing 6 . The 1st fuel is injected by the intake stroke, uniform [ in a 
cylinder ] thereby ~ a gaseous mixture is formed This gaseous mixture is an object for initial rate-of-combustion 
control. That is, although fuel is activated by the heat of compression and a radical is generated in a compression 
stroke, it has the role which controls this initial combustion. Next, the 2nd fuel injection for torque controls is 
performed after radical generating. Thereby, fuel required for engine-torque control can be supplied. If fuel is supplied 
during radical generating, low-temperature combustion without soot can be realized, and there is an effect which can 
perform low NOx and soot-less combustion. In the conventional control system, since only premixing was formed, 
when fuel quantity increased (i.e., if the air-fuel ratio became small), radical generating by the compression stroke 
increased too much, combustion took place rapidly, and the technical problem that knocking will be generated 
occurred. For this reason, it is necessary to make the compression ratio of an engine low, and the point of the efficiency 
of an engine is not sufficient. Since a firing pressure also becomes high, NOx also tends to become high. In this 
invention, since the 1st injection quantity which suppresses initial combustion can be changed, when fuel oil 
consumption, such as the time of torque increase, increases, rapid combustion can be avoided by making [ many ] fuel 
for torque controls. Since a compression ratio can be highly set up by the aforementioned knocking evasion even when 
there is little fuel oil consumption (when an air-fuel ratio is large), ignitionability is securable. Ignitionability is 
securable with an ignition trigger means to mention later furthermore. 

[0015] The block of this invention of operation is shown in drawing 7 and drawing 8 . uniform - a gaseous mixture is 
formed, fuel is activated by the compression stroke, and the fuel for torque controls is injected after cool flame 
generating (CO, CH, radical, etc.) By carrying out 2nd injection during radical generating, whole surface simultaneous 
ignition (thermal flame) also of the fuel for torque controls is carried out, and soot[ low temperature (low NOx) and ]- 
less combustion can be realized. By such operation, coexistence of a torque controllability and an ignition 
controllability can be aimed at by the latus operating range. 

[0016] The control method of of fuel injection timing, and a compression / inhalation-of-air injection ratio (the 2 / the 
1 st injection ratio) is shown in drawing 8 . The torque of an engine is shown in a horizontal axis, the torque of an 
engine is large and there is much fuel quantity to supply as right-hand side, case an engine torque is small - RIN ~ 
compression-ignition operation by the gaseous mixture is performed First, the 1st fuel injection timing injects fuel by 
the intake stroke, and forms a uniform gaseous mixture. Fuel for torque controls is greatly made [ many ] for 
compression / inhalation-of-air injection ratio (the 2nd-/injection [ 1st ] ratio) as an engine torque increases. This 
suppresses the sudden firing-pressure elevation from premixed air, and knocking is prevented. If an engine torque 
furthermore increases, retard will be carried out so that the 1st fuel injection timing may be brought close to a 
compression top dead center. This is for suppressing generating of a cool flame by shortening activation time by the 
heat of compression of the injected premixed air. Furthermore, when an engine torque increases, a compression 
injection ratio is set to 0 and it considers only as intake-stroke injection. Moreover, it is made to change from 
compression-ignition mode to jump-spark-ignition mode. It is necessary to equip an engine with an ignition plug at this 
time. Impression of the voltage to an ignition plug is performed in jump-spark-ignition mode. In jump-spark-ignition 
mode, since there is possibility of generating of knocking, a compression ratio is made small to ten to about 12. 
[0017] As shown in drawing 9 , an engine speed is low, and in order that an engine torque may aim at improvement in 
mpg in a small operation region, RIN barn operation is carried out by the compression ignition. It is ******** about 
EGR to a SUTOIKI air- fuel ratio as the torque of an engine becomes large. It is set as a SUTOIKI air- fuel ratio as an 
output furthermore becomes large. By EGR, while reducing combustion temperature, mpg and a NOx discharge are 
reduced. In a SUTOIKI operation region, it shifts to jump-spark-ignition mode. Moreover, since knocking can be 
suppressed by dividing the injection for initial rate-of-combustion control, and the injection for torque controls by this 
example, it is good also as all-over-the-districts compression-ignition mode. 

[0018] The basic composition of this invention is shown in drawin g 10 . Internal-EGR control and compression ratio 
control are performed for ignition control. These are possible by controlling the phase of inhalation of air and an 
exhaust valve. In order to make [ many ] an internal EGR, the overlap of inhalation of air and an exhaust valve is 
enlarged. In order to make a compression ratio low, an inlet valve is already closed or is made to ******. Moreover, 
the number of times of injection, the injection quantity, and fuel injection timing are controlled by fuel-injection 
control. Furthermore, an ignition trigger-control means is added for improvement in an ignition controllability. The 
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energy of an ignition trigger and time are controlled. A knock sensor or a cylinder internal pressure sensor, and torque 
change detect knocking of an engine by the rotation change sensor or the cylinder internal pressure sensor. The radical 
sensor (for example, quartz glass fiber, an optical/electrical converter, and a filter should put together) which carries 
out direct detection of a cylinder internal pressure wave, an ion current sensor, and the light of combustion by the 
cylinder internal pressure sensor may detect radical generating time. 

[0019] An example of the flow chart of an air content and EGR control is shown in drawingJJ . A target engine torque 
is calculated from accelerator opening, the vehicle speed, and a gear ratio position. Furthermore an engine speed is read 
and the map of a target air-fuel ratio and the amount map of target EGR(s) are searched from a target engine torque and 
an engine speed. From these, a target air content is calculated and a valve lift and an opening-and-closing stage are 
calculated. The adjustable valve mechanism 13 is controlled for the purpose of this valve lift and an opening-and- 
closing stage, and the air content according to cylinder to an engine 13 is controlled. The bulb position sensor 76 
detects a bulb position, and it carries out [ whether opening-and-closing control is carried out to a target bulb position 
and timing, and ] feedback control. With an air flow meter 7, the air content inhaled by the engine detects the air 
content for every cylinder, compares whether it is a target air content, and carries out KKU control at feed. The fuel 
quantity which serves as a target air-fuel ratio from this air content is calculated, and fuel-injection pulse width and 
fuel injection timing are calculated. Furthermore, the amount of internal EGRs and the amount of external EGR(s) are 
calculated for the amount of target EGR(s). An adverse current detection intake air flow sensor or a cylinder internal 
pressure sensor signal detects the amount of internal EGRs, and as compared with the amount of target EGR(s), if it 
has shifted from desired value, an inhalation-of-air bulb opening-and-closing stage will be controlled. About the part 
which is furthermore insufficient by the internal EGR, it controls by the external EGR valve. Furthermore a crank 
angle sensor or a cylinder internal pressure sensor detects the output torque of an engine, it compares whether it is a 
target engine torque, and feedback control is carried out. Since the air content in a cylinder can be detected from the 
cylinder internal pressure after an inlet valve closes when a cylinder internal pressure sensor is used, an air flow meter 
can also be eliminated. Although the air content showed the control method by the adjustable bulb, when an adjustable 
bulb controls only a phase, it is ****(ed) so that it may become a target air content by the throttle valve. 
[0020] That is, in the flow chart of drawing 11 , control of an air content replaces control by the throttle valve with an 
adjustable valve lift and an opening-and-closing stage. 

[0021] An example of the flow chart of fuel injection and ignition control is shown in drawingll . Fuel oil 
consumption is calculated based on a target engine torque and an engine speed. Thereby, an inhalation-of-air 
compression injection ratio (the 1st, the 2nd injection ratio) is decided, and inhalation-of-air injection and compression 
injection are performed. When torque change is more than an allowed value, an inhalation-of-air injection ratio is made 
to increase, and radical generating is promoted. When knocking occurs, an inhalation-of-air injection ratio is decreased, 
and an internal EGR is controlled to become Target EGR further. The control to change of an engine torque is 
controlled by the internal EGR by the adjustable bubble. Exterior EGR is used about the portion which is insufficient 
by the internal EGR. Compression ratio control is performed so that it may furthermore become a target compression 
ratio. Moreover, ignition control means perform an ignition trigger control. When later than a target ignition stage, and 
a compression ratio is increased, by decreasing an advance and EGR, ignition is promoted and an ignition trigger pulse 
is brought forward. [ ratio / inhalation-of-air injection ] It performs this reverse, in being earlier than a target ignition 
stage. 

[0022] An example of the flow chart of starting control is shown in drawing.. 13 . Cooling water temperature is read and 
cooling water temperature carries out jump spark ignition to a low case as intake-stroke injection from a predetermined 
value. In being higher than a predetermined value, it considers as compression-ignition mode by inhalation of air, 
compression injection, and the ignition trigger. In the state where the engine has got cold, as for this, the temperature of 
fuel and inhalation of air is also low, and it is for being hard to carry out the compression ignition of the fuel. In this 
case, it does not consider as compression-ignition mode, but considers as jump-spark-ignition mode. Since a 
compression pressure does not become so high that self-ignition is carried out at a low case, the rotational frequency of 
engines, such as the time of cranking, forbids and carries out jump-spark-ignition mode of the compression-ignition 
mode. 

[0023] Other examples of this invention are shown in drawing!4 . uniform [ to the whole ] in a cylinder ~ a gaseous 
mixture is not formed but a rich spot is prepared in a cylinder at the premixed air object 40, for example, an air-fuel 
ratio, in which a compression ignition is possible, and the circumference of an ignition trigger Thereby, an engine 
torque can form the premixed air in which a compression ignition is possible also on conditions with little small fuel 
oil consumption, and further, in order to prepare a rich spot in the circumference of an ignition trigger, there is an 
advantage which is easy to light. When a gaseous mixture is formed in [ whole ] a cylinder, if an air-fuel ratio becomes 
the above, such as 80, the ignitionability from premixed air will fall, although a compression ratio is raised further, the 
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heat of compression is raised and ignition is also possible, if a compression ratio is raised too much highly - the 
friction loss of an engine it becomes direct large and engine efficiency falls uniform by this example uniform by 
controlling the size of the lump of a gaseous mixture - a gaseous mixture is made thin too much and fuel quantity can 
be controlled to ** operation is uniform at the first fuel injection - a gaseous mixture is formed In this case, in order 
not to make the whole cylinder distribute a gaseous mixture, fuel injection timing is brought close to a compression 
stroke. Furthermore, a rich spot is formed in the circumference of an ignition trigger by the 2nd injection, 3rd injection 
is performed after radical generating, and TORIKU control is performed. 

[0024] As shown in drawing 15 , an engine speed is low, and in order that an engine torque may aim at improvement in 
mpg in a small operation region, RIN barn operation is carried out by the compression ignition. The field where the 
engine torque of a compression ignition is small secures ignitionability by two-step stratification, it is ******** about 
EGR to a SUTOIKI air-fuel ratio as the torque of an engine becomes large. It is set as a SUTOIKI air-fuel ratio as an 
output furthermore becomes large. By EGR, while reducing combustion temperature, mpg and a NOx discharge are 
reduced. In a SUTOIKI operation region, it considers as jump-spark-ignition mode. 

[0025] Other examples of this invention are shown in drawing 16 . An injector is arranged at the center of a cylinder 
and an ignition plug is arranged on the side of a cylinder, compared with the case where it has arranged on the side, it 
is possible to distribute fuel uniformly in a cylinder, and uniform, when an injector is arranged at the center of a 
cylinder - there is a merit which is easy to form a gaseous mixture Although flame propagation distance will not 
become equal but combustion efficiency will tend to fall if an ignition plug is arranged on a side, since only the 
operation region where compression-ignition modes, such as the time of low temperature, seldom carry out combustion 
mode with an ignition plug at the time of starting is used, by this example, the efficiency aggravation by side ignition 
does not pose a problem. 

[0026] It is the example which used this invention for the hybrid car at drawing 17 . Power is transmitted to an engine 
100 through motor generators A and B and a change gear 300 at a driving shaft 88. Motor generators A and B are 
electrically connected to the inverter 203 and the battery 202. The energy at the time of a slowdown is collected by the 
motor generator B, and is stored in a battery. At the time of acceleration, a motor generator B performs acceleration 
assistance. Since connection between an engine and a driving shaft is separable with a clutch 101, power generation 
control can be carried out by idle stop control and the motor generator A. In such a combination, since a torque control 
can be assisted by the motor even if it narrows the operating range of an engine, there is a merit which is easy to 
perform **** in a place with the sufficient efficiency of a compression ignition engine. 

[0027] The example of the control method of a combustion pattern is shown in drawing 18 and drawing 19 . Mpg will 
become good if peak thetat of cylinder internal pressure comes to a position. This is for cylinder internal pressure's 
becoming high at the time of a piston rise, in being too early, and doing negative work to operation of a piston. Since a 
piston falls too much in being too late, it will not become effective work and energy will escape to exhaust air 
according to an afterburning. In order to control peak thetat of cylinder internal pressure in the position where mpg 
serves as best, radical generating position thetar is controlled. Radical generating position thetar is controllable by the 
1st fuel injection timing theta 1 . Ignition trigger time is controlled at the time when mpg serves as best. 
[0028] An example of the control method of an ignition trigger is shown in drawing 20 . As an ignition trigger, it is the 
case where an ignition plug is used. The above figure is a discharge voltage wave at the time of jump-spark-ignition 
mode, and the following figure is a discharge voltage wave at the time of compression-ignition mode. In jump-spark- 
ignition mode, since a gaseous mixture is lit by jump spark ignition like the conventional jump-spark-ignition engine, it 
considers as the electric discharge wave which it has in accordance with a guidance component and a capacity 
component. In compression-ignition mode, in order to make ignition into a plain-gauze cone and the radical conditions 
which are easy to generate, without carrying out jump spark ignition, the temperature of a gaseous mixture is raised. A 
guidance component is lessened and the multiplex pulse by capacity is supplied. Since multipoint formation of the 
radical place which is easy to generate is carried out by this, it becomes easy to carry out multiplex ignition. It is also 
effective to apply the frequency which sympathizes with the principal component of a gasoline, and to heat a gasoline 
mixture directly by the microtron, as an ignition trigger. In this case, unlike the degree elevation method of mixed 
atmospheric temperature by laser, there is an advantage which does not have influence in optical dirt. Moreover, an 
ignition trigger can be formed by the multipoint in a cylinder. An ignition trigger is possible by making laser into a 
sheet state by the method by laser at a multipoint. Or you may use microwave plasma ignition like JP,57-1 19164,A etc. 

[0029] 

[Effect of the Invention] ignition control is attained and homogeneous [ by establishing a means to carry out 2nd 
injection to the initial rate-of-combustion control before ignition the 1st injection and for subsequent engine-torque 
control, ] in the cylinder-injection-of-fuel engine which has compression-ignition mode, according to this invention at a 
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latus operating range -- super-RIN barn operation is attained by the gaseous mixture 

[0030] Moreover, in the cylinder-injection-of-fuel engine which has compression-ignition mode, since the ignition 
trigger means was established, the ignition controllability improved further. 



[Translation done.] 
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[Translation done.] 



